IntroductIon
Multimodal analgesia is popular in the postoperative period for pain relief. Various types of nerve blocks are given in infraumbilical surgeries such as inguinal nerve block, paravertebral nerve block, caudal block, subarachnoid block, and transversus abdominis plane (TAP) block. TAP block is a regional analgesic technique which blocks T6-L1 nerve branches and has an evolving role in postoperative analgesia for lower abdominal surgeries. It is a simple and safe technique whether guided by traditional anatomic landmarks or by ultrasound. It has been shown to be effective in cesarean section, [1] hysterectomy, [2] open prostatectomy, [3] laparoscopic cholecystectomy, [4] and appendicectomy for postoperative analgesia. [5] Another technique for postoperative analgesia is transcutaneous electrical nerve stimulation (TENS) in which a special device transmits low voltage electrical impulses through electrodes on the skin to painful areas of the body. The use of TENS as nonpharmacological therapeutic modality is increasing. [6] TENS is cheaper, noninvasive, and safe with no side-effects compared to pharmacological analgesic modalities and it does not need expertise like other therapy forms. In addition to pain reduction by the use of this nonnarcotic, noninvasive technique; postoperative complications such as atelectasis and ileus are also reduced because patient can cough and breathe deeply without significant pain, it also decreases patient's stay in hospital, helps to achieve an earlier mobility and activity level and a decrease in the use of narcotics for pain control. Review of literature has revealed limited data comparing the potential of TAP block as an effective analgesic technique with TENS. Hence, we decided to compare the analgesic and postoperative analgesic efficacy of TAP block technique using levobupivacaine with TENS in patients undergoing infraumbilical surgeries.
MethodS
After obtaining the Institutional ethics committee's approval, this prospective observational randomized study was conducted on 60 patients in the age group of 20-65 years, of the American Society of Anesthesiologists (ASA) physical status classes I and II scheduled for infraumbilical surgeries under spinal anesthesia. After proper preanesthetic checkup and informed consent. Patients were randomly assigned using computer-generated list into two groups of 30 each. Group TAP patients were to receive TAP block (15 ml of 0.25% levobupivacaine on each side), and group TENS were to receive TENS with the frequency of 50 HZ and intensity of electrical stimulation of 9-12 mA for 30 min every 2 h. Randomization was based on a computer-generated list (by software Microsoft Excel XP™) and sealed in opaque, sequentially numbered envelopes containing information regarding the assigned technique (TAP or TENS). Exclusion criteria were a patient refusal, coagulation disorders, any signs of sepsis, history of allergy to local anesthetic agents, body weight 20% higher than ideal body weight, significant renal, hepatic, cardiopulmonary or neurological disorders, or any anticipated difficulty in regional anesthesia. All patients were clinically examined in the preoperative period, and both techniques with their potential benefits and side effects were explained to them. Visual analog scale (VAS) of 10 cm line was also explained (0, no pain and 10, worst pain imaginable) during the preoperative visit. Routine blood investigations, a 12 lead electrocardiography (ECG), and chest X-ray was done in all patients. Preoperative fasting of minimum 8 h was ensured in all patients. In the operation theater, patients were connected to a standard multichannel monitor (Philips IntelliVue MP50) and baseline noninvasive systolic and diastolic blood pressure (SBP and DBP), heart rate (HR), peripheral O 2 saturation (SpO 2 ), and respiratory rate (RR) were recorded. Patients were cannulated and preloaded. Patients were premedicated with injection glycopyrrolate 0.2 mg intravenous and injection midazolam 2 mg intravenous in the operating room only before the procedure in both groups. Spinal anesthesia (2.5-3 ml of 0.5% bupivacaine) was given as per protocol and surgery was done. After the spinal block had receded below T10 dermatome, the TAP was performed with the patient in the supine position using landmark technique with Tuohy needle. A volume of 15 ml of 0.25% levobupivacaine was injected in TAP through petit's triangle.
TENS was applied with the patient in the supine position in group TENS.
Technique

Group transversus abdominis plane
In this group, bilateral TAP block in the lumbar triangle of Petit was given at the end of surgery after sensory effect of spinal anesthesia receded below T 10 dermatome. The iliac crest was palpated from anterior to posterior until the latissimus dorsi muscle could be felt. The triangle of Petit was then located only anterior to the latissimus dorsi muscle. The skin was pierced by Tuohy needle only cephalad to the iliac crest over the triangle of Petit [ Figure 1 ], and the needle was advanced at a right angle to the skin in a coronal plane which resulted in a first pop sensation as the external oblique muscle gets traversed. Further advancement resulted in a second "pop" which signals entry to transversus abdominis fascial plane. After careful aspiration to exclude vascular puncture, 15 ml of 0.25% levobupivacaine was injected in this plane on each side. The technique described by Rafi. [7] Group transcutaneous electrical nerve stimulation After completion of the surgical procedure, TENS was started with portable TENS unit after block level had receded below T10 level. The TENS skin electrodes were positioned across the surgical incision site at adjacent dermatome levels. The frequency of TENS was set to 50 Hz and the intensity of electrical stimulation initially at 9-12 mA, which was reduced if not tolerated by the patient. It was continued for 30 min every 2 h until 24 h.
The primary outcome was to compare the postoperative analgesia as assessed by VAS score. The secondary outcome was to compare time to first rescue analgesia, nausea/vomiting score, sedation score, the block characteristics, adverse effects, hemodynamic changes, and patient satisfaction. On assessment when the VAS score was >3, rescue analgesia with injection tramadol hydrochloride, 50 mg i.v. was given. If pain persisted till next, i.v. 30 min, injection fentanyl 50 micrograms was 
Sample size calculation
The "P" value was determined to finally evaluate the levels of significance. The P > 0.05 was considered nonsignificant; the value of P < 0.05 was considered statistically significant and P < 0.001 was considered highly significant. Power analysis was performed to calculate the power of the study by taking α error 0.05. The effective size was calculated by taking parameters (postoperative analgesia, mean time to first analgesic requirement, and total duration of analgesia). The power achieved was well above 90%. Thus, a total of 60 patients were required at the least.
Statistical analysis
Data were analyzed using SPSS (Statistical Package for Social Sciences); computer software version 23, 2017 (SPSS Inc., Chicago, IL, USA). Continuous variables were analyzed using independent t-test. For comparing proportion between two groups, Chi-square test was applied and a P < 0.05 was considered statistically significant.
obServatIon and reSultS
Sixty patients were recruited for this study, of which 30 patients were randomized to undergo TAP block with 15 ml of 0.25% levobupivacaine and 30 patients to received TENS with the frequency of 50 HZ and intensity of 9-12 mA for 30 min every 2 h. The two groups were comparable with respect to demographic data, i.e., age, weight, height, ASA class, baseline hemodynamic parameters, and duration of surgery [ Table 1 ].
VAS score was evaluated with 0 h taken as the time of injection of 0.25% levobupivacaine in TAP in group TAP and application of portable TENS unit in group TENS, respectively. VAS score was recorded at 0, 0.5,2,4,6,12, and 24 h. Postoperative mean VAS scores at different time intervals were significantly lower in group TAP as compared to group TENS [ Table 2 ].
Time to first rescue analgesia
The mean duration of analgesia in Group TAP was significantly prolonged (12.87 ± 4.72) as compared to Group TENS (9.93 ± 3.63) (in hours), difference between two groups was significant (P = 0.008) [ Figure 2 ]. Nausea was assessed at 0, 0.5, 2, 4, 6, 12, and 24 h using a categorical scoring system (0 = none, 1 = mild, 2 = moderate, 3 = severe).
Nausea was defined as a nausea score of >0 at any point of time postoperatively. Rescue antiemetic ondansetron 0.1 mg/kg was given when nausea score was 2 or more or vomiting occurred. The incidence of nausea was found to be significantly lower in TENS group at 2 and 12 h. It was comparable at all other time intervals [ Table 3 ].
No complication was seen with TAP block. Ten patients in TENS group complained of discomfort and apprehension due to tingling sensation of TENS [ Figure 3 ].
Mean patient satisfaction score was significantly higher in Group TAP as compared to Group TENS at 24 h [ Figure 4 ].
dIScuSSIon
Effective pain control is essential for the optimum care of patients in the postoperative period. Pain is an important factor leading to morbidity in surgical patients. [8] It requires continuous efforts to relieve postoperative pain during the postoperative period. It not only decreases the complications but also facilitates faster recovery. [9] Multiple methods have been put into use to achieve pain-free recovery such as local anesthetic infiltration, [10] epidural analgesia, [11] peripheral nerve block, [12] and intravenous patient-controlled analgesia. [13] TAP block, which can be easily performed under ultrasound guidance [11] or using a landmark-based approach, [14] is becoming popular in lower abdominal surgeries to decrease postoperative pain. TAP block and TENS are currently described as an effective techniques for reducing postoperative pain and morphine consumption after lower abdominal surgery. [15, 16] TENS stimulates nerves endings by electrical stimulation and works on gate control theory of pain relief [17] which asserts that nonpainful input closes the "gates" to painful input, which prevents pain sensation from traveling to the central nervous system. Therefore, stimulation by the nonnoxious input can suppress pain. The analgesic effect of TENS has been found to be dependent on duration, intensity, the frequency of stimulation, and location of electrodes. [18] Vas scores and duration of analgesia Postoperative mean VAS scores at different time intervals were significantly lower in group TAP as compared to group TENS.
In this study, all time intervals, mean VAS score were observed to be <3 in both the groups. At 0 h, no patient required rescue analgesia in either group. Both the groups were comparable; and the difference was statistically nonsignificant (P = 0.37; nonsignificant). This was due to the residual effects of a local anesthetic drug administered in the spinal block before surgery. At 0.5 and 2 h, although no patient required rescue analgesia in either group still there was a significant difference in mean VAS between TAP and TENS groups, VAS in TAP being lesser than TENS group (P = 0.00; significant). This was due to faster onset of action of levobupivacaine which was administered in TAP group. At 4 h, one patient in TENS group had VAS >3, but no patient in TAP group had VAS >3.Thus, first rescue analgesic was given to one patient in group TENS. Although mean VAS was <3 in both the groups, but there was a significant difference in mean VAS with TAP, being lesser than TENS (P = 0.00; significant). At 6 h, two patients in group TAP and six patients in TENS group had pain (VAS >3), and hence, rescue analgesia (injection tramadol intravenous 50 mg) was administered to these patients. Difference in mean VAS in both the groups was significant at this point of time (P = 0.04; significant). Both the modalities were working well but TAP showed better results. Five patients required rescue at 8 h in group TENS whereas no such patient in group TAP required rescue at 8 h. At 12 h, 18 patients required rescue analgesia in group TAP and 12 patients in group TENS. This may be because many patients of TENS group had already been given rescue analgesia at 8 and 10 h. Hence, mean VAS was same in both the groups (VAS = 3) and was comparable (P = 0.46; nonsignificant). Prolonged analgesia due to the long duration of sensory block was the most significant characteristic of the TAP block technique. At 24 h, there was no significant difference in both the groups (with P = 0.39; nonsignificant) and mean VAS was <3 in both groups. The mean VAS score readings were lower in group TAP in comparison to group TENS and were statistically significant at 0.5, 2, 4, and 6 h. A meta-analysis was performed by Zhao et al., [19] which found mean VAS score readings lower in group TAP and were statistically significant at 2 and 6 h. Similarly, a study by Kerai et al. [1] found that mean VAS score was lower in both the groups with significant difference between the VAS score at 0.5 and 4 h. The results were also in concordance with studies done by Sharma et al. [20] In our study, mean duration of analgesia (time from 0 h to first rescue analgesia) in group TAP was 12.87 ± 4.72 h, whereas in group TENS, it was 9.93 ± 3.63 h. The difference between the two groups was highly significant (P = 0.008) and it was more prolonged in group TAP as compared to group TENS. This results from the relative avascularity of the plane and hence, the slow uptake of local anesthetics.
The study results were similar to a study done by Routray [21] on "TAP block using L-Bupivacaine for postoperative analgesia in infraumbilical surgeries -A comparative study" which concluded that TAP block prolongs mean time for injection of first rescue analgesia in the study group as compared to placebo.
Nausea and vomiting score
The incidence of nausea was found to be significantly lower in TENS group at 2 and 12 h. It was comparable at all other time intervals. The results were in concordance with studies done by Kerai et al. [1] Theories proposed to reduce nausea/vomiting through TENS are: stimuli via TENS facilitates productions of neurotransmitters that may inhibit other neurotransmitters that are responsible for nausea and vomiting. [22] No sedation was seen in patients of either group at any time interval and both the groups were comparable.
Patient satisfaction score
Patient satisfaction score was recorded postoperatively after 24 h. Score range varied from minimum 1 (very dissatisfied) to maximum 5 (very satisfied). The difference between the mean of patient satisfaction score in two groups was found to be significant (P < 0.05) at all intervals with patients being more satisfied with the TAP block.
At 24 h, the number of patients who were very satisfied (score 5) with the procedure was 30% in group TAP as compared to 10% in group TENS, while a number of satisfied (score 4) patients were 53.34% in group TAP and 46.67% in group TENS.
In this study, patients were more satisfied in group TAP than group TENS. This was because of better analgesia at all-time intervals and fewer complications like patient discomfort, tingling and numbness in group TAP.
concluSIon
The results of this study show that both TAP block and TENS are effective and safe modalities of analgesia following infraumbilical surgeries. Both decrease the requirement of opioids and their associated side effects. However, TAP block appears to be the better modality due to ease of application as there are residual effects of spinal anesthesia when the block is given and continuous monitoring is not required while TENS has to be applied at regular intervals. TAP block provides excellent postoperative analgesia as compared to TENS.
Limitations
One of the limitations of our study was small sample size, but it had significantly important results, so future studies should be undertaken with larger population size. Another limitation of the study was that landmark technique was used instead of ultrasound guided technique due to its nonavailability at our center. However, still, landmark technique has a place in a country like ours with limited resources where availability of ultrasound, especially in the rural setup is a long road to travel along with the need for expert hands for performing ultrasound-guided blocks.
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